Abstract. The purpose of this study was to investigate the effects of thermotherapy using a bath additive containing a vasodilation agent on chronic shoulder-neck pain in comparison with conventional remedies. Male subjects reporting chronic shoulder-neck muscle pain and receiving frequent established remedies (group A: acupuncture; group B: massage; and group C: over-the-counter medicine) participated in this study. These treatments were replaced by treatment with carbon dioxide baths containing 3-octylphthalide (KYN) for 2 weeks. Changes in the subjects' symptoms were evaluated during the 2 weeks of KYN use and the following 2 weeks with a return to the initial treatments. Differences in the effects of treatment with KYN were found among these groups. In group B, significant decreases in VAS of overall symptoms in the shoulder-neck region, feelings of muscle tension, pain and difficulty in movement of the shoulder joint, and muscle hardness were found during the 2 weeks using KYN. Although decreases in the feelings of muscle tension, pain and difficulty in movement of the shoulder joint in group A, and decreases in the feelings of muscle tension, pain, and muscle hardness in group C were found, VAS of overall symptoms and other individual parameters did not significantly change. In conclusion, repeated treatments with KYN are thought to be more effective than conventional remedies. The differences in the effects of the treatment with KYN are ascribed to the etiology and symptoms that led to the subjects' initial remedies. Further studies are necessary to enhance these beneficial effects on shoulder-neck pain.
INTRODUCTION
Many people nowadays are suffering from indefinite complaints according to the National Livelihood Survey by Ministry of Health, Labour and Welfare (2000) . Especially, shoulder-neck pain as well as lower back pain were recognized as having a high incidence. In addition to prolonged tension and fatigue of the relevant muscles, an increase in visual display terminal (VDT) work with the spread information technology appears to have contributed to the incidence of chronic shoulderneck pain [1] [2] [3] [4] .
Conventional physical therapy procedures and pharmacotherapy for shoulder-neck pain include acupuncture treatment, massage and medical approaches such as topical creams, and many studies have demonstrated the effectiveness of these treatments [5] [6] [7] [8] , although the selection of these treatments is thought mainly to be based on individual experiences and preferences. The effects of balneotherapy and thermotherapy with bathing on the cardiovascular system and digestive system are well known. These therapies have also been experientially used to alleviate the tension and fatigue of muscles in European countries and Japan 9, 10) . A previous study revealed hot water bathing has a psychological rather than physiological effect on the recovery of muscle fatigue after repetitive VDT work for 1 hour 11) . Moreover, previous papers indicated carbonated spring water has a suppressive effect on the sympathetic nerve system 12) and elevates body temperature via an increase in dermal blood flow [13] [14] [15] . Furthermore, repeated applications of combined bath additives containing carbon dioxide and 3-octylphthalide have been reported to facilitate the circulation and possibly prevent or alleviate shoulder-neck and lower back pain, which arise from repetitive tension and fatigue of the relevant muscles [16] [17] [18] [19] . These treatments may enhance blood flow, which alleviates muscle tension and fatigue resulting in improvement of subjective symptoms.
The purpose of this study was to investigate changes in shoulder-neck symptoms when current treatments such as acupuncture, massage and overthe-counter (OTC) medicine were replaced by treatment using KYN for 2 weeks.
METHODS

Subjects
The subjects were males who reported chronic shoulder-neck pain for more than 6 months and were receiving conventional remedies for shoulderneck pain. The remedies were hospital visit (more than once-a-week) for acupuncture (group A/ N=15), hospital visit (more than once-a-week) for massage (group B/ N=19) and over-the-counter (OTC) medicine (medical application and/or topical cream; more than three times per week; group C/ N=18). The subjects' average ages were 41.9 ± 9.9 yr (group A), 37.8 ± 10.6 yr (group B) and 37.9 ± 8.9 yr (group C). No significant differences in ages among the three groups were observed. All subjects were fully informed of the nature and possible risks of the various procedures of this experiment and provided their written consent to participation. All p r o c e d u r e s w e r e c o n d u c t e d w i t h c a r e f u l consideration in accordance with the Declaration of Helsinki.
Preparation and measurements
On day 0, the specified treatment at adequate frequencies during the previous 7 days before the test starts was confirmed for each subject. The subjects used KYN while they took baths daily at home during the first 2 weeks, then resumed their conventional remedies during the following 2 weeks without KYN while they took baths (Fig. 1) . During the test period, use of other bath additives was prohibited. Evaluations by a visual analog scale (VAS) and various tests were conducted on days 0, 7, 14, 21 and 28, while other subjective evaluations were conducted on days 0, 14 and 28. Effects of treatments with KYN were analyzed with the changes during the first 2 weeks (days 0-14), when the conventional treatment was replaced by treatment with KYN. Then, the changes during the next 2 weeks (days 14-28) were analyzed to investigate the effect of the replacement of the treatment using KYN with the conventional remedies. As the subjective evaluation, VAS of overall symptoms on shoulder-neck region, feelings of muscle tension, pain and difficulties in movement of the shoulder joint were evaluated. As for the tests, measurements of muscle hardness with a tactile sensor system, total hemoglobin volume (tHb) and oxygen saturation (StO 2 ) with nearinfrared spectrometry (NIRS), and pressure pain threshold (PPT) with an algesiometer were performed. In addition, subjective ratings of improvement of shoulder-neck symptoms during the treatment with KYN (days 0-14) were evaluated during the medical examination on day 14.
The bath additive was prepared from carbon dioxide sources (fumaric acid and sodium carbonates) and 3-octylphthalide (NY-008/ Kao C o r p o r a t i o n T o k y o , J a p a n ) w i t h f i n a l c o n c e n t r a t i o n s o f c a r b o n d i o x i d e a n d 3 -octylphthalide of 100 and 3 ppm in 150 L bath water, respectively. The concentration of carbon dioxide was adjusted with an ion analyzer (EA940, Orion Research Inc., Boston, MA, USA) using a carbon dioxide electrode (Model 95-02 carbon dioxide electrode, Orion Research Inc.) and the concentration was maintained at more than 100 ppm for 1 hour.
A 0-100 VAS was used to evaluate the strength of overall symptoms in the shoulder-neck region (0: the left end meant no perceived symptoms; 100: the right end meant the most strong symptoms imaginable). Feelings of muscle tension of the shoulder, pain and difficulties in movement of the shoulder joint were evaluated using a 5-point scale (0: none, 1: slight, 2: moderate, 3: strong and 4: very strong feeling). Improvement of shoulder-neck symptoms was evaluated with the symptoms on day 14 and compared with those on day 0 according to the following 5 criteria: markedly improved, improved, slightly improved, not changed and exacerbated.
Muscle hardness at the center of the left trapezius was measured using a tactile sensor system. The sensor was assembled with Pb(Zr/Ti)O 3 ceramic vibrator (thickness: 5 mm; width: 10 mm; length: 30 mm; eigenfrequency: 63 KHz) according to a previous method 20) . The point for the measurement was determined as the midpoint between the acromion and 7th cervical vertebra (C7). Muscle hardness was expressed as the average of 10 measurements at the same point.
Tissue t-Hb and StO 2 of the left trapezius were measured via NIRS with PSA-IIIN (Biomedical Science, Kanazawa, Japan). Values of t-Hb and StO 2 were respectively calculated from oxygenated hemoglobin (Oxy-Hb) and reduced hemoglobin (Deoxy-Hb) 21) . The point for the measurement was determined as the midpoint between the acromion and C7. Values of t-Hb and StO 2 were represented by the averages over 5 min. Data sampling was conducted every 5 seconds.
Measurements of PPT on the left trapezius were conducted using an algesiometer (Igarashi Medical Corp. Tokyo, Japan). The operator instructed each subject to inform when pressure pain was felt while the pressure was increased at the rate of 1 kg/cm 2 / sec. Measurements were conducted at the midpoint between the acromion and C7. Measurements of PPT were done only once, at the end of the test, in consideration of the influence of PPT measurements on other evaluations.
Parameters were analyzed by 2-way ANOVA during the first 2 weeks (days 0-14) and the following next 2 weeks (days 14-28). When necessary, Fisher's PLSD test or Wilcoxon's ranksum test were used as a post hoc test. Data are expressed as numbers in each score or median with max/min or by mean with SD. P values less than 0.05 were considered significant.
RESULTS
No significant differences in the number of incidences of KYN usage during the 2 weeks were found among the three groups (group A: 13.5 ± 0.7; group B: 13.1 ± 1.4; group C: 13.2 ± 1.4). In addition, no notable events such as hospital visits or use of medications, which could affect the evaluations, were reported by the subjects in any group during the entire test period. The scores of the feelings of shoulder tension and pain decreased significantly in all groups during the first 2 weeks (days 0-14) with the use of KYN, and then increased significantly during the next 2 weeks (days [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] , when the treatment with KYN was replaced by the conventional remedies, as shown in Table 1 . On the other hand, the score of the difficulties in the movement of the shoulder joint significantly decreased in groups A and B during the initial 2 weeks (days 0-14), but did not change during the next 2 weeks (days 14-28), while no significant changes during the entire period (days 0-28) were found.
With regard to the subjective symptoms in the shoulder-neck region, VAS decreased markedly in group B during the use of KYN. The decrease during the initial 14 days was significant (Table 2) . In contrast, no significant changes in VAS of symptoms were seen in groups A and C between days 0-14 or between days 14-28.
Muscle hardness at the center of the trapezius Evaluations were conducted on days 0, 14 and 28 on a 5-point scale: score 0 "no", score 1 "slight", score 2 "moderate", score 3 "strong", and score 4 "very strong" feelings. Frequencies of scores 0-4 are presented. Decreases during days 0-14 and increases during days 14-28 in feelings of shoulder tension and pain were significant in all groups. Improvement of difficulties in movement of shoulder joint were significant in groups A and B, while it did not change in group C. A clear rebound was not found during the 2 weeks following KYN treatment with the conventional remedies.
decreased significantly in groups B and C during the initial 2 weeks (days 0-14), but increased slightly during the next 2 weeks (days 14-28), when the treatment with KYN was replaced by the individual conventional remedies. Muscle hardness did not change in group A during the test period. tHb and StO 2 using NIRS, as well as PPT on the trapezius by algesiometer, did not change significantly in any group during the entire test period.
As for the subjective improvement of symptoms in the shoulder-neck region, high improvement rates of approximately 80% were noted in all groups. Marked improvement was found most frequently in group B and the rates of "markedly improved", "improved", and "slightly improved" were 42%, 21%, and 21%, respectively (Table 3) . These rates were 7%, 53%, and 27% in group A and 0%, 61%, and 17% in group C, respectively.
DISCUSSION
Perceived shoulder-neck pain is a complicated s e n s a t i o n c o m p r i s i n g t e n s i o n , p a i n a n d uncomfortable feelings. Thus, to investigate changes over time or the effects of some remedies, the evaluation of it should be conducted with a combination of subjective and objective indices. We selected VAS as a subjective indicator to evaluate the strength of overall symptoms, because VAS is the most reliable and widely used method in clinical and experimental studies 22) . Feelings of "tension of shoulder", "pain of shoulder" and "difficulty in movement of shoulder joint" were simultaneously evaluated, because each of them is thought to contribute to VAS assessments. As for the objective indices, muscle hardness, t-Hb, StO 2 and PPT were measured to evaluate the symptoms in the shoulder-neck region 20, 21, 23, 24) . Although some studies have demonstrated that perceived symptoms are associated with larger muscle hardness as well as a smaller pain tolerance threshold, the relationship between subjective s t r e n g t h o f s y m p t o m s a n d q u a n t i t a t i v e measurements was unclear 2 3 -2 6 ) . Thus, we evaluated muscle hardness, t-Hb, StO 2 and PTT on the center of the trapezius. A tactile sensor system was used to evaluate the hardness on the trapezius, because of the better correlation between the observed data and sense of fingertips compared with other types of hardness meters 20, 27) . In addition, PPT using an algesiometer as well as tissue t-Hb and StO 2 using NIRS were measured 21) . Among the three groups examined, VAS of overall symptoms decreased significantly only in group B during the initial 2 weeks of KYN use, while no marked changes were detected in groups A and C. This result was ascribed to marked and significant decreases in all subjective indices r e p o r t e d b y g r o u p B , t h o u g h s i g n i f i c a n t improvements of muscle tension, pain, and movement of the shoulder joint in group A as well as significant improvements of muscle tension and pain in group C were found. As for the movement of the shoulder joint, the range of improvement was smaller than other subjective indices, because initial values were relatively low in the subjects of this study. For the measured values, hardness of the trapezius was significantly reduced during the initial 2 weeks of KYN use in groups B and C, while it did not markedly change in group A. The differences among the three groups in changes of muscle hardness due to the use of KYN may be associated with the symptoms and etiology at the beginning of this study. This was supported by the finding that muscle hardness was initially higher in group B than the other two groups and decreased markedly with the use of KYN. In this group, it was suggested the marked decrease in VAS of overall symptoms resulted from the large decrease in muscle tension due to enhanced circulation, because the feelings of muscle tension could be a primary contributing factor of the symptoms. Moreover, symptoms in most of the group B subjects were thought to arise entirely from tension and fatigue in the trapezius. In group B, although feelings of muscle pain changed in parallel with feelings of muscle tension during the use of KYN, PPT did not change. The discrepancy between feelings of muscle pain and PPT was interpreted as the difference between the pressure pain and the voluntary pain. Tissue t-Hb and StO 2 did not change during the test period regardless of the use of KYN. The finding that hemodynamics did not change may be ascribed to the protocol in which the measurement was not conducted immediately after bathing, because some previous studies revealed that the enhancement of blood circulation occurred immediately after bathing at 40°C 15, 28) .
In group A, which selected acupuncture as a conventional remedy, though feelings of muscle tension and pain significantly decreased during the use of KYN, VAS of overall symptoms and other measured values did not change. In group C, which selected OTC medicine, feelings of muscle tension, pain, and muscle hardness decreased significantly, but VAS of overall symptoms and all other indices did not change. Therefore, the contribution of PPT in group A and shoulder joint movement and PPT in group C to VAS of overall symptoms seems larger than in group B, which may explain why VAS of overall symptoms did not markedly decrease despite the reduction of muscle tension and pain. In groups A and C, the involvement of organic pathogeny was suggested, because VAS of overall symptoms did not decrease despite enhanced circulation following bathing. Diagnosis by medical specialists is necessary, because chronic shoulder-neck pain sometimes arises from an underlying disorder. In group B, the involvement of organic factors is unlikely, because the symptoms markedly decreased after the use of KYN. Thus, home usage of KYN was thought to be a potential preventative and therapeutic method especially in this group. Moreover, subjects of group B may have selected massage based on their experiences, which implies that KYN treatment may mimic the action mechanisms of massage and thermothrapy. Marked changes observed in feelings of muscle tension, pain, and muscle hardness in group B during the use of KYN disappeared after resuming the conventional remedy, i.e. massage. These findings suggest KYN was more effective in this experimental setting than massage, though the etiology and action mechanisms in group B are still unclear.
In this study, the subjects received acupuncture and massage more than once a week, while treatment with OTC medicine was more than three times per week. In contrast, treatment with KYN was conducted on a daily basis, and no harmful side effects were observed during the 2 weeks of treatment using KYN. The effects of KYN during the 2 weeks were gradual and lacked the immediate results of acupuncture and massage, which vary widely depending on techniques. Thus, treatment with KYN at home may be an effective and safe way to alleviate symptoms in the shoulder-neck region. Furthermore, treatments with KYN in combination with the conventional remedies may improve quality of life. As some previous studies have indicated the involvement of the spinal cord in chronic shoulder-neck and lower back pain, longterm treatment may be necessary 29) . 
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